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(54) A method and a system for controlling the propulsion of a motor vehicle 



(57) A first clutch and a second clutch (7, 8), which 
are operable selectively, control the coupling of the rotor 
(5) of a reversible electrical machine (4) with the trans- 
mission (2) and with, the internal combustion engine (1 ), 
respectively. 

A control system (CS) is provided for implementing 
a stop-start function in which, in a stop stage, the inter- 
nal combustion engine (1) is disconnected from the 
electrical machine (4) and from the transmission (2) and 



is switched off, In first predetermined operating condi- 
tions of the vehicle (V) and then, as a result of the oc- 
currence of second operating conditions, such as a 
command imparted by the driver, in a subsequent start 
stage, is automatically restarted by means of the elec- 
trical machine (4) operating as a motor, and is then re- 
connected to the transmission (2). 

The system is characterized especially by particular 
methods of controlling the clutches (7, 8) and the elec- 
trical machine during the start stage. 
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Description 

[0001] The present invention relates to a system for 
controlling propulsion for a motor vehicle provided with: 

an Interna! combustion engine. 

a transmission including a gearbox provided with 
associated actuator means, 

g reversible electrical machine which includes a ro- 
tor and a stator and which is interposed between 
the internal combustion engine and the transmis- 
sion and can operate selectively as a generator and 
as an electric motor, 

a first clutch and a second clutch which can be op- 
erated selectively in order to control the coupling of 
the rotor of the electrical machine with the transmis- 
sion and with the internal combustion engine, re- 
spectively, 

sensor means for providing electrical signals indic- 
ative of operating conditions of the vehicle, of the 
internal combustion engine, and of the electrical 
machine, and 

control means arranged to control the internal com- 
bustion engine, the electrical machine, the first 
clutch pnd t h e c!-tc!~., ar> as ihe gear- 

box actuator means, in accordance with predeter- 
mined methods, in dependence on the signals pro- 
vided by the sensor means, 

the control means being arranged, in particular, to 
implement a stop-start function in which, in a stop 
stage, upon the occurrence of first predetermined 
operating conditions of the vehicle, the internal 
combustion engine is disconnected from the elec- 
trical machine and from the transmission and is 
switched off and then, in a subsequent start stage, 
upon the occurrence of second predetermined op- 
erating conditions of the vehicle, is automatically re- 
started by the electrical machine, operating as a 
motor, and is then reconnected to the transmission. 

[QQ92jj A srcpulsion cormo 1 system or tn:.- type de- 
scribed « n prior international patent application FCT/ 
EP01/01105. This control system is characterized in 
that, in the start staye, the eiectncal machine, operating 
0 g an eiauric motor, is connected to the transmission, 
wiiiisi a predetermined gear (pr^fAroKty fjret gear) \z en- 
gaged in the geaibox so mat the vehicle is initially pro- 
pelled purely by the electrical machine. In predeter- 
mined operating conditions, a change from the prede- 
termined gear to a higher gear, preferably second gear, 
is then brought about and, during this gear change, the 
internal combustion engine is connected to the electrical 



machine, operating as a motor, in order to bring about 
starting of the internal combustion engine, and the in- 
ternal combustion engine is then connected to the trans- 
mission so that, upon completion of the start stage, the 

s vehicle is propelled by the internal combustion engine 
and possibly a'so by the electrical machine. 
[0003] This known control system advantageously 
utilizes the advantages of stop-start operation (reduc- 
tion of fuel consumption and of emissions of pollutant 

10 gases) with little impact on the driveabliity of the venicle 
and on driving comfort. 

[0004] However, the solution proposed in the above- 
mentioned International patent application has a limita- 
tion, which is represented by the low maximum torque 
15 which can be delivered by the electrical machine when 
it is operating as a motor. 

[0005] This limitation translates into a limitation of the 
possible acceleration of the motor vehicle, particularly 
during the start stage. If, during such a start stage, the 

20 driver demands the delivery of a high torque and hence 
a fast acceleration of the vehicle by fully depressing the 
accelerator pedal, such a demand can only be satisfied 
after the change from the predetermined gear to the 
higher gear. Clearly, this represents a disadvantage 

25 from the point of view of the driveability of the vehicle. 
[0006] This disadvantage could indeed be at least 
partly prevented by the use of an electrical machine of 
larger dimensions and greater power, naturally 
equipped with an inverter and a storage battery o f cor- 

to respondingly greater power. However, the weight, size 
and cost of this solution are greater and in fact are un- 
acceptable. 

[0007] An aim of the present invention is therefore to 
provide an improved propulsion-control system which 

35 overcomes the disadvantages of systems according to 
the prior art outlined above, without requiring the use of 
a higher powered and more expensive electrical ma- 
chine (and the respective accessories). 
[0008] This and other aims are achieved, according 

40 to the invention, by a propulsion-control system the main 
characteristics of which are defined in appended Claim 
1. 

[0009] The invention may also be configured as a 
method of controlling the propulsion of a motor vehicip 
the main characteristics of which are defined in npp--e!- 
ed Claims 5 at seu. 

[OSICj Further characteristics pnd pdYSHtagce of the 
invention will become clear from the following detailed 
description, given purely by way of ncn-!;miuny exarn- 
50 p'*\ v*fr h r c f crcr.cc to the ap P o.iueu drawings, in which: 

Figure 1 is a schematic reprcccntation of a sysiem 
accorciiiiy Lo the invention, and 

55 Figures 2a and 2b are graphs which show the be- 
haviour of some quantities In a control system ac- 
cording to the invention, as functions of the time t, 
given on the abscissa. 
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[0011] Figure 1 shows, schematically and partially, a 
motor vehicle V provided with an interna! combustion 
engine 1 as well as a transmission 2 including a gearbox 
3 with discreet ratios : in particular, a gearbox with gears. 
[0012] The gearbox 3 is of the so-called automatic or 
servo assisted type, that Is, it has actuator devices, for 
example, of the electrohydraulictype, for bringing about 
engagement/disengagement of the gears. 
[001 3] The motor vehicle V also has a reversible elec- 
trical machine 4 including a rotor 5 and a stator 6 This 
electrical machine 4 is interposed between the internal 
combustion engine 1 and the transmission 2 and can 
operate selectively as a generator and as an electric mo- 
tor. 

[0014] A first clutch and a second clutch, indicated 7 
and 8 in Figure 1 , can be operated by respective actu- 
ators 9 and 10, for example, eiectrohydraulic actuators, 
which are operable selectively in order to control the 
coupling of the rotor 5 of the electrical machine 4 with 
the input shaft 11 of the transmission and with the shaft 
12 of the internal combustion engine 1 , respectively. 
[001 5] A control system, generally indicated CS, is as- 
sociated with the above-described propulsion system. 
In the embodiment shown by way of example in Figure 
1 , the control system CS comprises four electronic con- 
trol units ECU1 , ECU2, ECU3 and ECU4, interconnect- 
ed by a communication network 1 3 operating, for exam- 
ple, in accordance with the CAN protocol. 
[0016] The control unit ECU1 is basically a unit which 
supervises tne management of the internal combustion 
engine 1 . Connected to this unit are a position sensor 
1 4, associated with the accelerator pedal P, a sensor 1 5 
for detecting the speed of rotation of the shaft 12 of the 
engine 1, and further sensors, generally indicated 16 in 
Figure 1, such as a sensor for detecting the speed of 
movement of the vehicle, etc. 

[0017] The control unit ECU2 is intended to control 
general functions of the motor vehicle and to coordinate 
the various other control units. To this unit are connected 
(amongst other things), an instrument panel 18 located 
on the dashboard, a general on/off switch 19 operable, 
for example, by a key 20, and a manually-operable 
switch 21 for selecting operation of the propulsion sys- 
tem with hybrid drive or, selectively, with purely electric 
drive. 

[uCho] The control unit bCU3 is intended to control the 
gearbox and ic ccnnectCu to the udnatiucers, generally 
indicated 22 in the drawing, for the engagement/disen- 
gagement of the gears of the qearbox 3. to a manualiy- 
ooerable device for mntmiimn thr» ^c^rbcx, cjch zz a 
so-nslteri joy«5t?rW ?»«»"pped with censors, tc censors 
31 a."i*j 32 ioi piuviuinq siqnais indicative ot the spaad 
of rotation (revolutions per unit of time) of the roior 5 of 
the electrical machine 4 and of the input shaft 11 of the 
transmission, respectively, as well as to an optional po- 
sition sensor 33 for providing signals indicative of the 
position of the actuator 9 associated with the clutch 7 
interposed between the electrical machine 4 and the 
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transmission 3. 

[0019] Further sensors, generally indicated 24, such 
as sensors for indicating the gear ratio actually engaged 
in the gearbox, are also connected to the control unit 
5 ECU3. 

[0020] The control unit ECU3 us also connected to the 
actuators 9 and 12 associated with the clutches 7 and 
8, respectively. A manually-operable selector 30 is also 
connected to the unit ECU3 and can bo operated by the 

w driver of the vehicle in order to render operative a first 
mode of operation in which the unit ECU3 brings about 
the gear changes in accordance with the commands im- 
parted by the manual selection device 23, or a second 
mode of operation in which the gearbox is controlled 

is completely automatically. In this second mode of oper- 
ation, the gearbox is controlled automaticaiiy by the unit 
ECU3 on the basis of the operative conditions of the ve- 
hicle (signals supplied by the above-described sen- 
sors). 

20 [0021] Finally, the control unit ECU4 supervises the 
control of the electrical machine 4. The output of this 
unit is connected to the electrical machine 4 by means 
of a three-phase line 29. A supply battery 28 Is connect- 
ed to the unit ECU 4, 

25 [0022] The architecture of the control system CS, 
which is divided into four units, is given purely by way 
of example. As is clear to persons skilled in the art, all 
of the functions of the control system and, in particular, 
those which are described below maw be pe^o^d 

30 and controlled by a control system having different ar- 
chitecture or even produced in the form of a single mi- 
croprocessor control unit. 

[0023] The control system CS is arranged to control 
the operation of the internal combustion engine 1 of the 

35 electrical machine 4, of the clutches 7 and 8, and of the 
actuators 22 for the engagement/disengagement of the 
gears of the gearbox in predetermined manner, in de- 
pendence on the signals supplied by the sensors 1 4-1 6, 
31-33 and, in the first mode of operation mentioned 

40 above, by the sensors associated with the manual se- 
lection device 23. 

[0024] In particular, when the automatic method of 
control of the gearbox has been selected by means of 
the selector 30, the control system CS is arranged to 

4t > implement p stop-start function having Ihc purport o« 
reppc'nn ftjei consumption and pollutant emissions 
1 002b I I his 8top-st»rf function provides ?cr the imple 
mentation of a stop stage in which the internal combus- 
tion engine 1 is disconnected from the elscuieal ma- 
Cm!mC emu Mum iiie irditsmission <l oy tne disengage- 
ment of the uiuich B, in first predetermined operating 
conditions of the vehicle, which are detected by means 
ot the above-mentioned sensors, for example, in condi- 
tions in which the motor vehicle is slowing down when 

55 travelling in a queue or in order to stop at traffic lights. 
During the stop stage, the internal combustion engine 1 
is switched off under the control of the unit ECU1 . 
[0026] The stop stage is followed by a start stage 
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which is started as a result of the occurrence of prede- 
termined conditions, for example, of a command Impart- 
ed by the driver, such as the operation of the accelerator 
pedal P. 

[0027] During the start stage, the interna! combustion 
engine 1 is restarted by means of the electrical machine 
4, operating as a motor, and is then reconnected to the 
transmission 2, as will be described further below. 
[0028] The control system CS is arranged, during the 
initial portion of the start stage, to bring about activation 
of the electrical machine 4 as an electric motor, whilst 
the clutch 8 is disengaged, and the clutch 7 is controlled 
continuously in a manner such that it transmits a torque 
to the shaft 1 1 . In particular, the clutch 7 is controlled in 
a manner such that it can transmit, without slipping, a 
torque slightly greater than that actually delivered by the 
machine 4, to prevent unnecessary slipping and dissi- 
pation of energy. In this condition, the electrical machine 
4 is the sole propulsion unit of the motor vehicle and its 
speed of rotation n 5 and the speed n^ of the transmis- 
sion input shaft 1 1 coincide. With reference to Figure 2a, 
this activation takes place at a time t v 
[0029] By means of the control unit ECU1 , the control 
system CS monitors the value of the driving torque de- 
manded by the driver, which corresponds to the degree 
of operation (the position) of the accelerator pedal P, in 
the course of the start stage. As soon as the torque de- 
manded reaches a predetermined threshold value cor- 
responding, for example, to an acceleration of the vehi- 
cle or 1 .5 m/s 2 , the system CS keeps the clutch 7 in a 
controlled, partially disengaged condition by means of 
the control unit ECU3 and the actuator 9 (time t 2 in Fig- 
ures 2a and 2b) so as to apply a torque equal to the 
threshold value to the transmission input shaft 1 1 , whilst 
the electrical machine 4 is required to provide the max- 
imum torque which it can deliver. 
[0030] This ensures a substantially uniform accelera- 
tion of the vehicle, corresponding to the torque threshold 
value, whilst the speed of rotation n 5 of the electrical ma- 
chine 4 is not restrained by that n u of the transmission 
input shaft 11. 

[0031 ] As soon as the speed of rotation n 5 of the elec- 
trical machine exceeds a predetermined threshold at 
least equal to the idling rate of revolution of the internal 
comoustion engine 1 and as soon as the difference be 
tween tne speed of rotation n 5 of the eSec-uical machine 
and tr.c epeaa n 11 of iiie transmission input snatt has 
exceeded a predetermined value, the control unit ECU3 
brings about a first engagement of the dutch 8 by means 
of the prt.iPtnr in p??*!™ frcrr. a time Indicate;; t 3 in 
Figure? Oa onrj ob, the chaft 12 of the interna! u>mUu»- 
lion engine i is consequently rotated by the electrical 
machine 4 in order to t>e ataiieu. 
[0032] The clutch 7 continues to be controlled in the 
manner indicated above, so that, as a result of the 
torque transmitted, the speed of rotation n^ of the trans- 
mission input shaft 11 continues to increase whilst re- 
maining below the speed of rotation n 5 of the electrical 
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machine 5. This prevents the starting of the internal 
combustion engine being perceived by the user. 
[0033] Figure 2b shows qualitatively the behaviour of 
the torque C 8 transmitted by the clutch 8 to the shaft 1 2 

5 of the interna! combustion engine 1 . Starting from the 
time t 4 , the torque C 8 increases abruptly. 
[0034] The above-mentioned first engagement of the 
clutch 8 preferably has a duration T which is calculated 
in a manner such that the engine 1 manages to pass the 

10 first compression stage during the starting stage. After 
the period of time T, the clutch 8 is substantially disen- 
gaged again up to a time indicated t 4 in Figure 2b, until 
the mean value of the resisting torque of the engine 1 
during the starting stage is transmitted. This substantial 

15 disengagement of the clutch 8 enables the speed of ro- 
tation n^ of the input shaft 11 of the transmission 2 to 
be "disconnected" from the speed of rotation of the pro- 
pulsion unit "seen" by this shaft by means of the clutches 
7 and 8, this propulsion unit being represented by the 

20 electrical machine 4 operating as a motor and by the 
started internal combustion engine 1, together. 
[0035] Starting form the time t 4 , at which the engine 
1 is recognized as started, the clutch 8 is finally re-en- 
gaged, first partially and then completely. 

25 [0036] The speed of rotation n t of the started internal 
combustion engine 1 and the speed of rotation n 5 of the 
rotor 5 of the electrical machine 4 thus become equal to 
one another, whilst the clutch 7 is progressively en- 
gaged, brinainn about ! h e r est r! c tJ o n c* the driving 

30 torque, and the speed of rotation n 5 of the shaft of the 
electrical machine is thus also brought to the value n t1 
of the transmission input shaft 11 . 
[0037] The control system CS interrupts the operation 
of the electrical machine 4 as a motor by means of the 

35 unit ECU4, as soon as the torque delivered by the inter- 
nal combustion engine 1 is adequate to satisfy the driv- 
er's torque demand, implemented by the accelerator 
pedal P. 

[0038] The above-described control system prevents 
40 the vehicle from suffering a "hole" in the acceleration, 
which is perceived adversely by the driver, during a 
starting stage, when there is a sudden demand for a high 
driving torque by the driver. This is achieved, in partic- 
ular, by controlled disengagement of th^ Hi itches during 
45 the start sta§9. 

[GG39J Naturally, the principle of the !r.ve»»o«' »e»!a!n- 
ing the same, the forms c? embodiment and details of 
construction may be varied widely with respect to those 
dcccribcd and illustrated purely by way of non-iimiting 
example, Wiinoui tnereoy departing form the scope of 
ihe invention as aetined in the aooended claims 



Claims 

55 

1 . A system for controlling propulsion for a motor ve- 
hicle (V), provided with: 
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an internal combustion engine (1), 

a transmission (2) including a gearbox (3) pro- 
vided with associated actuator means (22), 

5 

a reversible electrical machine (4) which in- 
cludes a rotor (5) and a stator (6), and which is 
interposed between the internal combustion 
engine (1) and the transmission (2) and is 
adapted to operate selectively as a generator 10 
and as an electric motor, 

a first dutch and a second clutch (7, 8) adapted 
to be operated selectively in order to control the 
coupling of the rotor (5) of the electrical ma- 15 
chine (4) with the transmission (2) and with the 
internal combustion engine (1), respectively, 

sensor means (14-1 6, 24, 31 -33) -for providing 
electrical signals indicative of operating condi- 20 
tions of the vehicle (V), of the internal combus- 
tion engine (1), and of the electrical machine 
(4), and 

control means (CS) arranged to control the in- 25 
temal combustion engine (1 ), the electrical ma- 
chine (4), the first clutch and the second clutch 
(7, 8), as well as the gearbox actuator means 
(22), in accordance with predetermined meth- 
ods, ir: cJeeer^c,,^ or. the signais proviaea by 30 
the sensor means, 

the control means (CS) being arranged, in par- 
ticular, to implement a stop-start function in 
which, in a stop stage, the internal combustion 35 
engine (1) is disconnected from the electrical 
machine (4) and from the transmission (2) and 
is switched off in first predetermined operating 
conditions of the vehicle (V) and then, upon the 
occurrence of second predetermined operating *o 
conditions such as a command imparted by the 
driver, in a subsequent start stage, is automat- 
ically restarted by the electrical machine (4), 
operating as a motor, and is then reconnected 
to the trancmicGior. (2), 45 

M*e sy^cm cc:ng n^rss-erl^ed In that tne 
control iTiectns (CS) are arranged to bring about 
during the start stage: 

50 

activation of the electrical maohinp (4) «<? 
a motor w hi !*t the second clutch (G) io sub- 
stantially disengaged a n d the firct clutch 
(7) is engaged in controlled manner in or- 
der to bring about driving of the transmis- 55 
sion (2) by the electrical machine (4), 

monitoring of the driving torque demanded, 



which corresponds to the degree of opera- 
tion of the accelerator pedal (P) and, when 
this torque reaches a predetermined 

threshold value: 

partial disengagement of the first 
clutch (7), controlled in a manner such 
that a torque equal to the threshold val- 
ue continues to be applied to the trans- 
mission (2) whilst the eiectrical ma- 
chine (4) is caused to deliver substan- 
tially its maximum torque, and 

a (first) engagement of the second 
clutch (8) as soon as the speed of ro- 
tation (n 5 ) of the electrical machine (4) 
exceeds a predetermined threshold so 
that the internal combustion engine (1 ) 
is rotated in order to be started by 
means of the electrical machine (4). 

2. A system according to Claim 1 in which the control 
means (CS) are arranged to bring about the first en- 
gagement of the second clutch (8) when the differ- 
ence between the speed of rotation (n 5 ) of the elec- 
trical machine (4) and the speed of rotation (n n ) of 
the input shaft (11) of the transmission (2) exceeds 
a predetermined value. 

3. A system according to Claim 1 or Claim 2 in which 
the first engagement of the second clutch (8) has a 
predetermined duration (T), after which the second 
clutch (8) is substantially disengaged again and is 
then finally re-engaged. 

4. A system according to Claim 3 in which, after the 
final re-engagement of the second clutch (8), the 
first clutch (7) is also progressively re-engaged. 

5. A method of controlling propulsion in a motor vehi- 
cle provided with: 

an internal combustion engine (1), 

a transmission (2) Including a gnnrhov (3) pro- 
vided with p.ssoc!2tcd actuator .T.ssr.s [?2) t 

a reversible electrical machine (4) which In- 
cludes a rotor (5) and a stator (6), arid which is 
intcrpos^J umween me internal combustion 
engine (?) and ine transmission (2) and Is 
pointed to operate selectively *b d generator 
and as an electric motor, 

a first clutch and a second clutch (7, 8) which 
can be operated selectively in order to control 
the coupling of the rotor (5) of the electrical ma- 
chine (4) with the transmission (2) and with the 
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internal combustion engine (1), respectively, 

the method comprising the implementation of a 
stop-start function including: 

5 

a stop stage in which the Interna! ccmbus- 8. 
tion engine (1) Is disconnected from the 
electrical machine (4) and from the trans- 
mission (2) and is switched off, and 

10 

a subsequent start stage in which the inter- 
nal combustion engine (1) is restarted by 
means of the electrical machine (4) oper- 
ating as a motor and is then reconnected 
to the transmission (2), « 

the method being characterized in that, in 

the start stage, 

the electrical machine (4) is started as a 20 
motor whilst the second clutch (8) is sub- 
stantially disengaged and the first clutch 
(7) is engaged in controlled manner in or- 
der to bring about driving of the transmis- 
sion (2) by the electrical machine (4), 25 

the driving torque demanded, which corre- 
sponds to the degree of operation of the ac- 
celerator pedal (P) of the motor vehicle, is 

m o nit o r cc! zr.t, v;hcr. tl .io ;o. qua f eaenes a 30 
predetermined threshoid value: 

partial disengagement of the first 
clutch (7) is brought about and is con- 
trolled in a manner such that a torque 35 
equal to the threshold value continues 
to be applied to the transmission (2) 
whilst the electrical machine (4) is 
caused to deliver substantially its max- 
imum torque, and ^ 

a (first) engagement of the second 
clutch (8) is brought about as soon as 
the speed of rotation (n 5 ) of the elec- 
tric^ machine (4) exceeds a pieueter- 

mined thresiicid, cc as to rotate the in- 
t«rr^: combustion cng;~r, {1} in order 
to otart It by means of Lhe electrical ma- 
chine (4). 

so 

A rnemoa according to Claim 5 in which the (first) 
engagement of the second Hutch (8) ic brought 
about when the difference oetween the speed of ro- 
tation (n 5 ) of the electrical machine (4) and the 
speed of rotation (n^) of the input shaft (11) of the 55 
transmission exceeds a predetermined value. 



the first engagement of the second clutch (8) has a 
predetermined duration (T) and the second clutch 
(8) is then substantially disengaged and is then fi- 
nally re-engaged. 

A method according to Claim 7 in which, after the 
final re-engagement of the second clutch (8), the 
first clutch (7) is also progressively re-engaged. 



A method according to Claim 5 or Claim 6 in which 
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